Crossed renal ectopia (C-RE) is a rare congenital anomaly in which both kidneys are located unilaterally. The crossed kidney is situated on the side opposite to its ureteral orifice and usually lies below the normal kidney. The frequency of this malformation is estimated at 0.05% to 0.1%. Most of the patients remain asymptomatic. In other cases C-RE is diagnosed incidentally on routine ultrasonography, due to the presence of unspecific symptoms. The diagnosis of C-RE is possible due to a wide range of imaging techniques: US, IVU, CT, MRI, and TcDMSA scan. Among them IVU, CT, and MRI have the highest degree of confidence. The aim of this retrospective study was to present our own experience with 5 children affected with C-RE, emphasizing the differences in clinical picture and low sensitivity of ultrasound images. In all of them the final diagnosis was established by IVU or MRI.
IntroductIon
Crossed renal ectopia (C-RE) is a rare developmental anomaly in which both kidneys are located on the same side of the body. The ectopic kidney is usually located below the normal kidney and its ureter crosses the spine and has a normal opening in the bladder.
The incidence of this defect in the general population is estimated at 0.05 to 0.1%, with a slight male predominance [1, 8, 11] . Approximately 90% of ectopic kidneys are fused by their lower pole with the normal kidney and they are usually smaller [1] . The left kidney is displaced more often than the right one [1, 3, 8] .
The etiopathogenesis remains uncertain. Many hypotheses have been put forward, regarding disorders that play a role in the formation of this developmental abnormality. According to Wilmer's concept, crossed renal ectopia is a result of pressure exerted, on a renal unit moving rostrally, by abnormally positioned umbilical arteries. The kidney eventually reaches a location of least resistance, i.e. opposite to its normal position. Other studies emphasize the relation between renal anomaly and abnormal ureteral bud migration which, when moving to the opposite side, induces differentiation of the other kidney. Teratogenic factors and genomic mutations occurring familiarly or arising de novo have a significant impact on the final location of the kidneys.
At the end of the 1950s Mc Donald and McCellan modified the division of ectopic crossed kidney as follows: renal ectopia with fusion; renal ectopia without fusion; solitary renal ectopia; bilateral renal ectopia [7, 11] .
Many patients with C-RE remain undiagnosed due to lack of symptoms.
In the rest, this defect is diagnosed incidentally during routine pre-and postnatal ultrasound examinations and also during investigations of other diseases (e.g. urinary tract infection (UTI), urolithiasis and Wilms' tumor), often associated with C-RE. The anomaly may be accompanied by other abnormalities, both in the urinary tract (dysplastic kidney, abnormal rotation, hydronephrosis, vesicoureteral reflux (VUR), renal tumors), skeletal, digestive and cardiovascular systems [1, 7, 11] .
A wide range of imaging tests are helpful in diagnosing C-RE, such as ultrasound (US), intravenous urogram (IVU), computed tomography (CT), magnetic resonance imaging (MRI), as well as Tc99m dimercaptosuccinic acid scintigraphy (TcDMSA).
The aim of this study was to present our own experience concerning 5 children with C-RE, emphasizing the differences in clinical picture and low sensitivity of ultrasound images.
PatIents and Methods
The study group consisted of 5 children (3 girls, 2 boys) aged from 3 months to 12 years. Three children were referred to hospital with suspected renal agenesis on the basis of ultrasound examination, which was performed in view of recurrent abdominal pain in 2 cases and in a 3-month--old infant due to symptoms of regurgitation and irritability during urination. All of these children had a history of recurrent UTIs. A 9-year-old boy born with a myelomeningocele and a neurogenic bladder was admitted for urodynamic studies, as part of routine qualification for surgery (bladder augmentation). Only in one girl, with recurrent abdominal pain, was a suspicion of an ectopic kidney raised. No anomalies were found in 4 children who underwent prenatal ultrasound examination and in one child prenatal ultrasound was not performed.
In all the patients, blood tests (especially for determining renal function) and blood pressure measurements were performed.
Demographic and medical data on patients prior to hospitalization are given in Table 1 .
A final diagnosis of C-RE with fusion in all children was based on IVU studies. In four of them, the left kidney was displaced to the right ( Figure 1 ) and in one case the right kidney to the left. Furthermore, only in one patient was the anomaly suggested by a DMSA scan. Based on Doppler ultrasound a suspicion of vascular anomaly in a 12-year-old girl was raised; therefore an MRI was performed, confirming an abnormal passage of the left renal artery ( Figure  2 ). In another child with a positive family history of nephrolithiasis, additionally hyperoxaluria and hyperuricosuria angio-CT -angio-computed tomography; C-RE -crossed renal ectopia; CT -computed tomography; CystoUS -color-Doppler cystosonography with echo contrast (cysto-ultrasonography); GFR -glomerular filtration rate; GIT -gastrointestinal tract; IVU -intravenous urogram; MRI -magnetic resonance imaging; S-RE -simple renal ectopia; TcDMSA scan -Tc99m dimercaptosuccinic acid scintigraphy; US -ultrasonography; UT -urinary tract; UTI -urinary tract infection; VCUG -voiding cystourethrography; VUR -vesicoureteral reflux.
were found. In one case analyzed in our study, an additional developmental anomaly, anal atresia, was detected. It coexisted in a boy with a neurogenic bladder due to a myelomeningocele, corrected immediately after birth. The majority of children had a history of UTIs. VUR was excluded in all patients. Renal function was normal and blood pressure values were within the normal range.
Selected images of C-RE visualized by IVU and MRI are presented below.
dIscussIon
Crossed renal ectopia (C-RE) is an uncommon congenital anomaly which was first described by Pamarolus in 1654. The reported incidence of C-RE is 1:7500 autopsies, whereas it is extremely rare in clinical practice (1 in 14 000 pediatric admissions) [1] . The anomaly usually remains asymptomatic; therefore it is mainly detected incidentally. According to Van den Bosch et al. prenatal ultrasonography may suggest the diagnosis of renal ectopia [12] . In this study, none of our children was diagnosed with C-RE prenatally.
Among the 4 variants of C-RE, type 1, with left kidney crossed to the right, is the most frequent one. The ectopic kidney is mainly located below the normal one (inferior ectopic kidney) and it is usually malrotated. All presented cases were inferior ectopic kidneys. In 2 individuals incomplete rotation of the ectopic kidney was demonstrated. In general, the occurrence of C-RE with fusion is higher than C-RE without fusion (3:1) [1, 2, 7, 8] . In our study, C-RE with fusion was found in all cases, which is concordant with overall statistics. C-RE is mostly diagnosed on routine renal US, performed in patients presenting with non-specific general or genitourinary symptoms.
In neonates the most frequent symptoms are failure to thrive, feeding difficulties, e.g. regurgitation, and irritability during urination [1] . Similar symptoms were observed in our 3-month-old female patient. In pre-school children and adolescents, non-specific recurrent abdominal pain, change of bowel movement habits, dysuria and hematuria are most often reported. Our own and reference data indicated that abdominal pain is the leading symptom in pediatric patients with a final diagnosis of C-RE. It is characterized by atypical localization and variable intensity. In the majority of our patients abdominal pain could have been associated with urinary tract infection too.
C-RE can present as an isolated anomaly or may occur in association with urogenital and anorectal malformations, intestinal malrotation, urolithiasis and Wilms' tumor [1, 4, 5, 7] . Among the urinary tract abnormalities coexisting with C-RE, VUR and hydronephrosis were most frequently reported [1, 5, 6] . In our three patients suspected of VUR, voiding cystourethrography showed no abnormalities. Furthermore, a mild renal pelvis dilation was revealed in two children. In a 12-year-old girl, secondary dilation of the renal pelvis of the normal kidney was caused by the crossing vessels of the ectopic one (Figure 2 ). Calisti et al. postulated that vascular anomalies found in C-RE may lead to dysfunction of the ectopic kidney [4] , whereas Van den Bosch et al. found no significant differences in GFR, blood pressure and proteinuria between S-RE (simple renal ectopia) and C-RE individuals in childhood [12] . Additionally, there were no renal function abnormalities present in our patients.
In 2 of our patients functional gastrointestinal tract (GIT) disorders were found: gastroesophageal reflux and irritable bowel syndrome. In one case (boy) with a neurogenic bladder due to myelomeningocele, coexisting imperforate anus was detected. Due to frequent association of crossed renal ectopia with GIT abnormalities, a diagnosis of C-RE may be considered as an indication for GIT diagnostic tests [1] .
There are single studies reporting on Wilms' tumor in C-RE, but the higher incidence of oncological diseases in patients affected with C-RE was not confirmed [11] . In one of our patients, a 5-year-old boy with C-RE, microscopic haematuria with hyperoxaluria and hyperuricosuria was detected. There was a family history of urolithiasis; however, this condition may accompany C-RE as well [1, 4] .
The diagnosis of C-RE is possible due to a wide range of imaging techniques including ultrasonography, intravenous urography, computed tomography, magnetic resonance imaging and Tc99m dimercaptosuccinic acid scintigraphy.
US is the first imaging test that starts the diagnostic trial; however, its degree of confidence in detecting C-RE is rather low. US usually reveals the absence of one of the kidneys in its normal location, dilation of the renal pelvis and increased size of the solitary visualized kidney. Such a finding may suggest unilateral renal agenesis and requires additional laboratory tests and imaging techniques to confirm the final diagnosis. In fact, in our study in 4 of 5 children US images suggested renal agenesis. In addition, in one of the patients the only kidney to be revealed was described to have a duplex pericaliceal system (patient no. 3 in table 1).
Subsequently, in such a case a TcDMSA scan, visualizing a solitary and enlarged kidney of abnormal shape, can be a possible diagnostic aid. Furthermore, an imaging study that helps to clarify the diagnosis is IVU, which was performed in most of our patients. In one of them, with coexisting vessel anomaly suspicion, an abdominal MRI confirmed the final diagnosis of C-RE and revealed changes in the left renal artery. Contrast enhanced CT, MRI and angio-CT are among the imaging tests of highest sensitivity. Due to higher economic costs of the above-mentioned tests they are used sparingly prior to surgical treatment, for accurate visualization of the anatomy of organs and passage of vessels [1, 10, 13] .
According to Bauer, in every patient with C-RE, even despite the absence of recurrent urinary tract infections and associated anomalies, VCUG should be performed [12] . Arena et al. claim that, apart from TcDMSA scan, VCUG in males and color-Doppler cystosonography with echo contrast (CystoUS) in female patients with C-RE is necessary [1] . Voiding cystourethrography performed in our patients showed no presence of VUR.
conclusIon
Nonspecific symptoms of C-RE may make the way to final diagnosis uneasy. The condition was revealed incidentally and the initial US finding had to be verified by further sophisticated imaging techniques. Although C-RE usually does not require surgical treatment, children with this anomaly should be carefully followed up due to potential associated abnormalities.
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